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AEUEL-DIS-ONCOIECROLFoR

GAS-- ENGm

By&mold Gold andDavidM.Straight

The principle  of opemtion of a device to control the dietri-
bution of fuel to any nun&m of discharge  nozzle6 of a gas-turbine
engine is presented. A description of an experiznental model of the
device and the results of a bsnch investigation are presented.  This
device controlled  the flow to four discharge nozzles within 2 psr-
cent of perfect distribution over e wide range of fuel flow and was
unaffected by uneven discharge-nozzle pressures.

INTRODIJOTION

In current gas-turbine engines the fuel is pumped into a msni-
fold from which it flows to the various atomizing nozzles. If the
fuel manifold is large and synmustrical, the effect of fluid friction
is negligible and fuel reaches all the discharge nozzles at the sam3
static pressure. EP ell the nozzles have the same erea and equal
coefficients  at all flows, the flow through the discharge  nozzles
will at all time be equal, The complexity imposed on the nozzle
by the need for a well-atomized discharge, however, makea the equal-
izing of fuel flow through the nozzles over a wide range of fuel
flows extremely difficult. With the relatively low pressures used
in sme current gas-turbine-engine fuel manifolds et low flows,
differences in nozzle elevations and inertia forces markedly affect
the fuel distribution.. In addition, the malfunctioning of one
nozzle can greatly disturb the fuel flow to the other nozzles. Ry
means of the distribution-controlmthod described, theee effects
can be entirely overcame.

In the course of investigation at the IKACA Cleveland labor-
atory of methods to obtain uniform fuel sprays in gas-turbine
engines, a fuel-distribution control was developed that presents
a possible means for obtaining improved and more consistent
fuel distribution in gas-turbine engines than can be obtained with
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the use of the manifold system. The principle of operation of the
fuel-distribution control, a description of the erperimentalmodel
used in the investigation, and the results of the bench inVeStigation
arepresented.

PRINcm OF OPERATION

contr01m8thod. - If matched metering jetS were placed upstream
of the discharge  nozzles in each branch of e fuel &fold, the
static pressure of the fuel on the upstream side of the jets would
be equal in each branch, but the downstream static presetuoe would
be affected by the discharge nozzle and the fuel di&ribution would
not be improved. If’, however, automatic valves wers placed between
the naatering jets and the discharge nozzles to maintain equal static
p~ssures on the downstream Side of the mstering jets in each bmch,
the distribution would be controlled by the nu4tering jets and would
be unaffected by the discharg8 nozzles. Such a System, schem7atically
shown in figure 1, is th8 basis of the frael-distribution  control
developed during this investigation.

Control m8chanism. - A ,schematic diagram of the fuel4istribution
control is presented in figure 2. Fuel is delivered to this control
under pressure from a pressure'-typ8 metering control (not shown). The
fuel flows through the inilet&nd fills the manifold passage. From the
-ifold passag8 the fuel flows into the indiv&duellpanifold  branches
and through t$e branch msterin& ;lets and the downstream pressure-
regulating Valves to the individual branch discharg8  nozzles. Fuel
&%o flows from the manifold passage into the pilot branch, through
the pilot nretering jet and the pilot regulator jet, to the pilot
discharg8 nozzle.

By mans of the pressur~-eque~liziqpaeeage,  the staticpres-
sums in the individual chambers A are XUELintain8d  equal. The
control diaphragm3  that separate chambers A and B position the
downstreampres8ur8-regulating  Va1V88 Ulltil the pXW3SUl%S iIl Cham-
hers B are equal to the pressures in cha&ers A.

If the branch disdharge-nozzle  preSsUr88 are egwal to the
pilot diSChELQ3S-nOZZ18 p??SSSUY%, the static-pressure  drop across
8aCh of the downstreasl  pressure-regulating valv8s will be equal
to the static-preWUX'0  drop across the pilot regulator jet. The
openarea of the valveswillthenb8 proportionalto  the area of
the pilot r8gulaLtC)r jet and this area will rerpain fixed at all
fU81 flOW8. If any one branch discharge-nozzle  pressure should
rise above the pilot discharge-nozzle  presSWe, the downstream
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pressure-regulating valve in the branch supplying that nozzle would
have a reduced static-pressure  drop and would move to a position of
l a r g e r  opening. If any one branch diSCharg8-uOzZlS  pr8ssum Should
fall belou the pilot discharge-nozzle  pressure, the reverse would
occur. In either CBS8 th8 Static-presSur8  drop aCrOSe th8 branch
netering jet remains equal to the drop across the pilot metering
jet and the fuel distribution is undisturbed.

Tha pilot discharge nozzle can Supply fU81 to the 8-8 in
the Same manner as the branch discharge nozzles. Because of the
dependence of' the 8Iltir8 system, however, on the flow in th8 pilot
branch, it may be advisable to return the pilot flow to the fuel
tenkes indiceted infigure 2.

EXPERIMENTAL KmEL, AFTARATUS, AND B

Experimental model. - A photograph of the exp8rimntalmdel
of th8 four-branch fU8l-diStribUtiOn COntrOl used in the bench
inv8stigation  is shown in figure 3. 5 control diaphragma are
mounted on four faces of a cube. In op8ration, the control is so
mountedthatth8  control diaphragms  are each ine vertical plane,
which elimInatea th8 effect of the valve-plug weight on the pres-
sure 3nch~MerB. Other arrangements can be ueed but the veight
of the plugs must elxays be made to act in the Sam direction on
all the valves. The pilot metering and regulator jets are in a
separate housing, which is not ehown in figure 3.

Matching of met8ring jets. - 5 metering jets used in the
experimental model were drilled asd then plac8d In a Navy-tspe
orifice cwtor. (Se8 reference  1.) While in the ccmparator,
the four jets were rcatched by polishing tith crocus cloth. After
the jets were matched on the Comparator, a flow check was mzde
with naphtha. 5 results of the flow check (fig. 4) show that
the four jets, which were matched in the cmparator, give nearly
the sams flows over a wide range of mt8ring heads.

Bench apmtus. - The epparBtus uSed with the eXperimenta
model of th8 fu8l-distribution control is schematically  shown in
figure 5 and photographically showninfigure 6. Total fuel flow
to the fuel-distributicn control was mSesured with a rotameter
having a rang8 Of 200 to 2000 pounds per hour. The f U81 flowing
in each branch passed through a rotamter having a range of 40 to
200 pounds p8r hour. Above a total fuel flow of 800 pounds per
hour, therefore, only the total-flow rotamter could be used,
Born the branch rotameters  the fuel was discharged  through four
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diaphragm-operated,  spring-loaded nozzles. One of the four nozzles
Was vented to a variable-pressure  air line in order that its dis-
charge pressure could be Varied. A W8ll-tJ'DS nherCuI'y  Ukanom3ter  Was
used to nmasure th8 discharge-nozzle  pressure.

5 four branch rotameters  wire calibrated in series after
installation  on the bench apparatus. Th8 CalibratiOn  Was recorded
by plotting the float position of eaoh rotsmeter in millimeters
against the fuel flow in pounds per hour as indioalxd by one of
the four rotesmsters. The fuel flow through the pilot branch Was
measured with a rotam%kr having a range of 3 to 25 pounds per hour.

Th8 pr8SSUr8 drop aCrOSS each Of th8 metering j8tS w&S
measured with a lOO-inch naphtha mebll4mmeter. Eachchamb8rB~as
COIXIWt8d to on8 tub8 of a bank of four tubes that Was arwed
as shown in figur8 5. The diff8renC8S  in the leV8l of the fuel
in the four tutis indicated the differences  in static pressure in
the four chanibers B and thereby the accuracy with which the down-
St~~p~SSUr8-~gUktiIIg@;lV8S W8l!8 fUIlCtiOIIiIIg.

5 fU81 was naphtha haviug a Sp8CifiC gravity of 0.74 et
a temperature of 70' F. I

RESULTS AND DISCUEECON

DiSChEUTg8-IIOZZl8 calibration. - 5 discharge nozzles that
were used in the bench mm8 on the experimental  tielwer8 first
operated on a -Ifold to determine the ability of the nozzles to
distribute th8 fU81 8qUELlu. The results of this calibration, which
ar8 shoWn in figurs 7, indicate a maximum deviation of 30 percent from
perfect distribution.

Performance  of 8xperimntal model. - The bench perfozzmnce  of the
emm?imntal  model of the fuel-distribution control iz! shown in fig-
ure 8. In the range of total fuel flow from 180 to 300 pounds per-
hour, ths deviation of any branch floW from perfect distribution was
no great8r than 2 percent. Above a total fuel flow of 320 pounds
per hour, the d8ViatiOII Was less than 1 percent. Although branch-
rotameter wea M.&ted the ~imum recorded branch fuel flcru, 1168
Of the total-flow  rOtameter alone extended the total-fuel-floW rang8
to the limit of 1260 pounds per hour imposed by the bench apparatus.
~~iSOn of the pr8SSUreS in chamberS B indicated that th8 8amB
accuracy of control Was maintained over this additional range. com-
parison of the results sharn in figures 7 and 8 clearly indicates '
the marked improvenvsnt that can be obtained with this type of auto-
matic fuel-distribution control.

.
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In order to deztonstrate  the ability of the experimmtalmdel
to compensate for uneven nozzle pressures, the discharge pressure
af one of the four nozzles was varied from 3 to 13.8 inches of
mercury @ge whfle the three others were kept at an approrimately
constant pressure of ll.3 inchesofmercurygage.  Theflowthrough
the control was kept constant at 370 pounds per hour. The results
of this run, which are given in figure 9, show that the branch fuel
flowremained constanttithin3 percentoverthe entire mnge of
nozzle pressures  from 3 to 13.3 inches of mercury gage. Above a
pressure of 13.3 inches of mercury gage, the dawnstream pressure-
regulating valve inthatbranchbegan to lose control. The fuel-
distribution control can be made to compensate  for a much wider
range of uneven nozzle pressures at any pressure level by altering
the dtinsims of the downstreampressure-regulating  valve and the
size of the pilot regulator jet.

A study of an experimental model of a fuel-distribution control
for gas-turbine  engines gave the following results:

1. The e~r5menta.l model m&rolled the fuel flow to four
unmatched  discharge  nozzles tithin +Z percent of perfect distri-
butionata totalflowof18Oto 1260 pounds per hour.

2. The experimentalmdelmintained the fuel flow through
a discharge  nozzle within 3 percent of a constant value while the
discharge-nozzle  pressure was varied from 3 to 13.3 tiche of
niercury gage.

Flight Propulsion Research I&oratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.

1. Anon.: Instruction Manual D-3217 for Operation of Orifice
Camparetor  - Navy Type Model III, Bureau of Aeronautics.
Instruction Bnual D-3217, The Miriam In&r. Co. (Cleveland),
Jan. 10, 1944.
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Pilot regulator Jet
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Figure 2. - Schematic dlagram of fuel-dlstributlon  control for gas-turbine engines.
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Figure 3. - Experimental model of furl-distribution control,
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Figure 4. - variation of fuel flow with metering head for
matched metering jets used in experimental model of fuel-
distribution control.
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Bigum 7. - Daviation fran perfoot  dltltribution  at vmioua  total fuel flows of epring-

loaded noe~lse connected to imnlfold.
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Figure 8. - Deviation from perfeot distribution at various total fuel flors of spring-

loaded nozzle6 connected to experimental model of fuel-dlstributlon control for
benoh investigations.
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Figure 9. - Effect of varying nozzle-discharge pressure on branch
fuel flow of experimental model of fuel-dfstribution  control.
Three discharge nozzle8 held at 11.3 inches of mercury gage;
total fuel flow, 370 pounds per hour. I
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